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$\partial_{\tau}^{2}r-\partial_{\sigma}^{2}r=(\partial_{\tau}r+\partial_{\sigma}r)\cross(J\cross r)$ , (1)
$J$ $J$
Lorentz
3 Euclide $R^{3}$ $J$
3 [3],[4]
$r=(X,Y, Z)$ $\tau$ $\sigma$
$J$







$(D_{\tau}^{2}-D_{\sigma}^{2}+1)F\cdot Q^{*}=0$ , (3)
$(D_{\tau}-D_{\sigma})^{2}F \cdot F-\frac{1}{2}Q^{*}Q=0$ ,
$X={\rm Re}(\not\in),$ $Y={\rm Im}(\#)$ ,
(4)
$Z=\sigma+2(\partial_{\tau}-\partial_{\sigma})\ln F$,
$F$ $Q$ $*$ $D$
(3) 1
$Q=e^{\eta},$ $F=1+b^{2}e^{2\eta}$ ,





















$+b_{12^{2}}e^{\eta_{1}+\eta_{\dot{2}}}+b_{2}^{2}e^{\eta 2+\eta_{2}^{*}}+d_{12}^{2}e^{\eta_{1}+\eta_{1}^{*}+\eta 2+\eta_{\dot{2}}}$ ,
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$v$ ( ) soliton$-1$ .


















$v^{2}(v\sinh 2\gamma v\tau-\beta(\tau))e^{8\gamma\sigma}-2(v\beta(\tau)\sinh 2\gamma v\tau+\beta(\tau)^{2}-2v^{4})e^{6\gamma\sigma}$
$-6v^{3}\sinh 2\gamma v\tau e^{4\gamma\sigma}-(v\beta(\tau)\sinh 2\gamma v\tau-\beta(\tau)^{2}+2v^{4})e^{2\gamma\sigma}$
$+v^{2}(v\sinh 2\gamma v\tau-\beta(\tau))=0$ ,
$e^{2\gamma v\tau}$ $0$ 1
$\sigma_{n}(n=1,2)$ soliton-l $\sigma_{1}$ , soliton-2 $\sigma_{2}$ ,
$\sigma_{1}\approx v\tau$ $\sigma_{2}\approx-v\tau$ $(\tauarrow-\infty)$ $z-\sigma$ soliton-l
$e^{2\gamma\sigma_{1}} \approx\frac{v^{2}[1+2(1-v)\cos\theta_{12}e^{2\gamma v\tau}]e^{2\gamma v\tau}}{1+2(1-v)(2+v)\cos\theta_{12}e^{2\gamma v\tau}}$ , (5)
soliton-2
$e^{2\gamma\sigma_{2}} \approx\frac{1+2(1+v)(2-v)\cos\theta_{12}e^{2\gamma v\tau}}{v^{2}[1+2(1+v)\cos\theta_{12}e^{2\gamma v\tau}]e^{2\gamma v\tau}}$ . (6)
$(\tauarrow+\infty)$ soliton$-1$
$e^{2\gamma\sigma_{1}} \approx\frac{1+2(1-v)(2+v)\cos\theta_{12}e^{-2\gamma v\tau}}{v^{2}[1+2(1-v)\cos\theta_{12}e^{-2\gamma v\tau}]e^{-2\gamma v\tau}}$ , (7)
soliton-2




$e^{2\gamma\rho} \approx\frac{e^{-4\gamma v\tau}1+4(2-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}}{v^{4}1+4\cos\theta_{12}e^{-2\gamma v\tau}}$ (10)
$e^{2\gamma\rho} \approx v^{4}e^{-4\gamma v\tau}\frac{i+4\cos\theta_{12}e^{-2\gamma v\tau}}{1+4(2-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}}$ (11)
6 effective forces
(10) (11) Newton
$z$ $P_{z}= \int d\sigma\partial_{\tau}Z$
soliton-l soliton-2
$P_{z1}=4\gamma(1+v)v$ , $P_{z2}=-4\gamma(1-v)v$ , (12)
$M= \frac{\partial P}{\partial v}=\frac{4(1+v-v^{2})}{(1-v)\sqrt{1-v^{2}}}$ ,
[5], $M<0,$ $(v<-0.61)$ $\lim_{varrow-1}M=-\infty$ .
(12) $v$ soliton-l soliton-2




$\mu\frac{d^{2}\rho}{d\tau^{2}}\approx\frac{16(1-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}{1+8(3-v^{2})\cos\theta_{12}e^{2\gamma v\tau}}$ (15)
$\mu\frac{d^{2}\rho}{d\tau^{2}}\approx\frac{-16(1-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}}{1+8(3-v^{2})\cos\theta_{12}e^{-2\gamma v\tau}}$ (16)
123
(10) (11) $\rho$ Newton
$\mu\frac{d^{2}\rho}{d\tau^{2}}\approx\frac{16v^{2}(1-v^{2})\cos\theta_{12}e^{-(\gamma\rho+\ln v^{2})}[1+2(2-v^{2})\cos\theta_{12}e^{-(\gamma\rho+\ln v^{2})}]}{1+8(3-v^{2})\cos\theta_{12}e^{-(\gamma\rho+\ln v^{2})}}$ (17)


















effective force $e$ ctive
force $\theta_{12}=0$ $\theta_{12}=\pi$
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4 effective potential for $v=0.12,$ $\theta_{12}=0$
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